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Abstract 
Weight management is a dynamic process, with a pre-treatment phase, a treatment (including process) 
phase and post-treatment maintenance, and where relapse is possible during both the treatment and 
maintenance.  
Variability in the statistical power of the studies concerned, heterogeneity in the definitions, the complexity 
of obesity and treatment success, the constructs and measures used to predict weight loss maintenance, 
and an appreciation of who, and how many people achieve it, make prediction difficult.  
In models of weight loss or maintenance: (i) predictors explain up to 20-30% of the variance; (ii) many 
predictors are the sum of several small constituent variables, each accounting for a smaller proportion of 
the variance; (iii) correlational or predictive relationships differ across study populations; (iv) inter-
individual variability in predictors and correlates of outcomes is high; (v) most of the variance remains 
unexplained.  
Greater standardisation of predictive constructs and outcome measures, in more clearly defined study 
populations, tracked longitudinally, is needed better to predict who sustains weight loss.  
Treatments need to develop a more individualised approach that is sensitive to patients’ needs and 
individual differences, which requires measuring and predicting patterns of intra-individual behaviour 
variations associated weight loss and its maintenance. This information will help people shape behaviour 
change solutions to their own lifestyle needs. 
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Introduction 
The current trends in, costs, and consequences of the obesity pandemic are now well documented and 
recognised e.g. 1, 2. While prevention is better than cure, the prevalence of obesity is so great in many 
countries that treatment cannot be ignored 3, 4. It is often noted that of those actually studied, and who 
lose weight in treatment programmes, many regain it to the extent that within five years the majority of 
people have returned to baseline 5. Regain is often followed by repeated weight loss attempts. Weight 
regain is probably  a combination of a physiological drive to return body weight to the previous “settling 
point” 6, and/or the failure to maintain a less obeseogenic lifestyle and eating behaviours. It appears clear 
from these observations that, for many, weight control is a chronic relapsing condition that has a strikingly 
similar pattern to conditions characterized by relapse, such as alcohol and drug dependency, depression 
and other aspects of lifestyle or behaviour change and mental health 7. This raises certain questions: Given 
this high relapse risk, which treatments and personal characteristics predict success at weight loss and 
weight loss maintenance? How comprehensive is the evidence base in these areas and how can it be 
improved? Can subject traits be matched to treatments to improve success? Can better studies be designed 
that help us match the characteristics of treatment programmes to the needs of individual people, or do 
we need to develop new research paradigms to reach this goal? This paper focuses on why it is so difficult 
to use the behavioural or psychological predictors and correlates of weight loss and weight loss 
maintenance and whether they can be used to improve outcomes for people in the general population. We 
suggest that recognising these difficulties may improve outcomes by helping people with self-management 
of weight control as a chronic relapsing condition. 
 
Definition of successful weight loss 
The complexity in every aspect of weight control is heterogeneity. This also applies to the definition of 
obesity, successful treatments, and an appreciation of who and how many people achieve it. 
Foster eloquently describes the historical rational behind the shift from aiming for an ideal weight to one 
where a “reasonable” target weight was proposed as a definition of successful weight loss 5. Ideal weight is 
very hard to achieve, is subject to frequent relapse and more moderate goals of 5-10% are still associated 
with significant improvements in health risk status 5, 8-10. Given that 5-10% weight change is now considered 
a success by many health care professionals 5, there is a remarkable paucity of evidence on the normal, 
within and between subject variability in body weight on a day-to-day, week-to-week, month-to-month and 
year-on-year basis. Parenthetically, there is a complete dichotomy between apparent medical goals and 
expectations and those of the patient as the weight loss expectations of patients are usually much higher. 
Furthermore, the very outcome that we are trying to change as professionals (namely body weight) is one 
of the least understood or quantified in terms of long-term, frequent longitudinal measures. While it is 
generally assumed by physiological models of weight control that energy balance is the usual status quo, 
data from 7147 participants of the NHANES (National Health and Nutrition Examination Survey) suggest 
that American adults gain between 0.2 and 2.0 kg per year of their adult lives 11. This and other data 
suggest that most US adults at least, are in a state of slight but chronic positive energy balance that leads to 
weight gain over time 12. The statistical power of these estimates is high and they are corroborated by 
global trends in obesity 3. Many weight control attempts may achieve simply that – weight control but not 
weight loss. The impact of these attempts on long term weight stability should not be overlooked 13. 
According to Wing and Phelan, in studies that range in sample size from 225 to ~1000 14 about 20% of the 
population do indeed lose and maintain more than 5-10% body weight, but they are the exception rather 
than the rule. While ostensibly this does not give a lot of weight change to make predictions about, in 
reality weight losses are characterised by huge intra and inter-subject variability. This is not the only 
problem with prediction of successful weight loss and maintenance. 
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Problems with current estimates and prediction of success 
A number of factors make simple prediction of successful weight control difficult. Some of the problems 
with current estimates and prediction of success can readily be overcome, however other problems are 
more difficult to address. Such issues need to be highlighted before considering the pre-treatment 
predictors and treatment correlates of successful weight loss and correlates of weight maintenance. 
Available data are from highly select samples. Brownell and Rodin 15 note that as of 1994 “virtually all data 
on weight loss and maintenance are from clinical trials conducted in university (or clinical) settings”. 
Patients seen in speciality obesity clinics appear to differ in important ways from overweight persons in the 
general population. For example, among individuals seeking clinical obesity treatment 25-50% are binge 
eaters compared to 5% of the general population, using samples of 455 and 1984, respectively 16, 17. 
Brownell and Rodin 15 argue that clinical samples may show a conservative bias “because the participants 
are more overweight, more likely to be binge eaters, have more psychopathology, and may differ from 
other overweight persons in other ways not yet studied”. Such individuals probably do not represent those 
in the general population who are overweight or even those motivated to lose weight 10. They may include 
a high proportion of people who have failed on their own or in commercial programmes and who thus may 
be less predisposed to achieve long-term weight maintenance 18. It is also possible there is an over-
representation of a range of hormonal and other physical disorders that are associated with weight gain in 
these populations. 
Outside the clinics the majority of people who lose weight do so by themselves and/or by joining 
commercial diet or self-help groups and exercise programmes. These estimates are derived from two 
studies, one with a sample size of 4647 and the other only 89, and so their statistical power varies 
considerably 19, 20. Thus it is estimated that 95% of people presenting to lose weight do so outside of obesity 
clinics 15. It is likely that those who attend self-help and diet groups differ from the general population also. 
The majority of those who attend self-help groups, be it for alcohol and substance dependency, mental 
health or weight loss tend to be characterised by a common trait – they tend to be chronic relapsers 7, 15, 21. 
Hence they seek the on-going support and stability that the safe environment of a self-help group provides. 
There are also a significant number of people who, by themselves or in professional and commercial 
programmes, do lose weight and maintain the loss e.g. 14, 22, 23, 24. The problem is that they are difficult to 
quantify either because they develop weight management skills on their own or leave the programme once 
they have attained the skills to navigate to and stay at a healthy body weight. They are therefore, like drop-
outs, lost to measurement. This suggests that the most and least successful weight losers are under-
represented in such analyses. 
The treatments for weight control, the people who are subjected to those treatments, and the measures 
made of the characteristics of subjects, treatments and outcomes, are all very heterogeneous in nature. 
This is a major problem that has been the main cause of failure to predict weight loss success. Not only is 
the condition heterogeneous, its treatment and outcome measures have all changed dramatically over 
time 10, 25, 26. Thus, in most cases evaluation of behaviour change, diet, exercise, drugs and surgery have 
been largely made on self-selected or experimenter-selected populations who may or may not represent (i) 
the general population (ii) the obese subpopulation – if indeed a continuum could be described as such or 
(iii) the population most suited to that particular treatment. Therefore, most estimates and predictions of 
success are likely to be conservative. Completer-only analyses are particularly problematic as they ignore 
drop outs, who exhibit the greatest barriers to success 25, p 57. So far attempts to reduce drop out rates or 
statistically account for missing data are not entirely satisfactory.  
Allison and Engel 27 suggest four main reasons why we cannot reasonably predict treatment outcome. (i) 
Firstly we may actually be able to predict but do not realise it. They point to Robert Rosenthal’s 28 argument 
that in many cases a specific predictor needs no new studies it just needs appropriate meta-analysis. The 
problem with this is that data are often accumulated poorly. Their analysis of locus of control shows that 
many studies do show that it is a predictor of success, but there is large heterogeneity because of 
differences in the refinement of the measure of the construct itself. Appropriate meta-analytical 
techniques do yield good significant predictors but often treatment outcome is still predicted weakly, that 
is the model only explains a small proportion of the variance in outcome. This is a recurring theme in 
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predicting weight loss outcomes. (ii) They advocate multivariate over univariate prediction but caution that 
in some analyses the number of predictors tried actually exceeds the number of people studied. (iii) They 
advise the use of dimensional rather than categorical prediction and rail against the categorisation of 
natural continua, which reduces statistical power. The counter argument is that categories are useful for 
illustrative analyses because they reveal significant contrasts. (iv) Allison and Engel also advocate the use of 
theory rather than retrospection as an impetus to search for predictors of successful treatment outcomes 
and the need to consider environmental factors in behaviour change 27. We suggest these are not mutually 
exclusive and both have useful research potential. For example there is a need for more qualitative work 
that explores peoples’ own insights and explanations for their relapse and what might have prevented it. 
The statistical power of different studies also varies. Estimates of weight change over time are now very 
well powered with sample sizes now remarkably in the millions see 3. Measures of behaviours associated 
with successful weight loss maintenance are also well powered, although they are derived from a specific 
population that has cumulatively expanded in numbers over time. However, specific predictors and 
correlates of weight loss and weight loss maintenance are far more variable in the statistical power of the 
studies that have examined specific issues. For example in the review of pre-treatment predictors of weight 
loss by Teixeira et al. sample sizes of predictive models range from 42-444 25. Given the other problems 
associated with predictors/correlates of weight outcomes, this clearly indicates a danger that some studies 
are underpowered. Tests that are underpowered are likely to miss real predictors by generating false 
negatives (Type II error). In this sense the power of the test is its sensitivity.  Conversely, specificity is 100 
minus the significance level (G Horgan; Personal communication). Tests that have many predictors and set 
the significance cut-off at the usual 5% may generate false positive predictors (Type 1 errors), simply by 
chance. Alternatively, setting the significance level unusually high will have the same effect. 
When considering predictors and correlates of weight loss and maintenance it is important to recognise 
that weight management is a dynamic process, with a pre-treatment phase, a treatment phase (involving 
process) and a post-treatment maintenance or relapse period. Relapse can also occur during treatment. 
Predictors and correlates of outcomes are not static; they can and do change between phases of 
treatment. It is useful to consider predictors/correlates of weight outcomes as pre-treatment predictors, 
treatment/process correlates and post treatment correlates of weight maintenance. Here treatment 
variables are defined as factors specific to the treatment (such as duration, type of intervention used), 
while process relates to variables attributable to or experienced by the individual during their weight loss 
history (such as previous dieting attempts and/or early weight loss). The dynamic nature of behaviour 
change, however, means that changes in behaviour profiles during treatment often carry over into the 
post-treatment phase and become new weight-maintenance habits.  
 
Pre-treatment predictors of weight loss and weight loss maintenance 
Considerable work has characterized pre-treatment predictors of success, but the results are highly variable 
because there is great heterogeneity in (i) the populations studied and sample sizes (ii) the treatments 
administered under the same category e.g. diet (iii) measures of specific constructs (e.g. psychopathology, 
physical activity, binge eating) 10 26 25. 
The main pre-treatment predictors of weight loss are included in Table 1 and have also been summarised 
by Teixeira et al. in studies using samples ranging from 42-444 25. A number of factors would be intuitively 
expected to predict weight loss, but do not appear to. These include total body fat, fat distribution and 
body composition, personality and psychopathology test results, dietary restraint and binge eating. Teixeira 
et al. 25 have scrutinised the pre-treatment predictors of success at weight management and categorised 
them into predictors and non-predictors with consistent evidence, mixed evidence and suggestive evidence 
25. It is notable that the majority of predictors fell into the latter two categories and the majority of non-
predictors fell into the former category. It is worth considering these factors in detail. Part of these findings 
may be due to the low power and heterogeneity issues discussed above. 
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Genetic and physiological predictors of weight loss 
The lack of specific quantitatively significant genetic or physiological predictors of successful weight loss (or 
even obesity predisposition) is striking 10 and see below. There are numerous models based on nutrient 
partitioning, activity of specific fat depots, nutrient stores, components of energy expenditure 29 and a 
plethora of putative central and genetic mechanisms, believed to be involved in the development or 
predisposition to human obesity, see http://obesitygene.pbrc.edu/ 30. Indeed it has been stated that “… in 
the commoner form of obesities, a multitude of polymorphisms located in genes and candidate regions 
participate in an individual’s susceptibility to weight gain in a permissive environment. The effects are often 
uncertain and the results not always confirmed” 31.  
What is certain is that these relationships between putative biomarkers of obesity and obesity itself are not 
predictors they are correlates; causation is far from clear. Furthermore the relative contribution of 
endogenous (e.g. genes) and exogenous (environmental) determinants is currently speculative. Many 
genes clearly contribute to obesity in a permissive environment. But how many genes, which 
environmental contributors, and how permissive the environment is remain unquantified variables. Thus a 
multitudinous, heterogeneous contribution of many genes and their various alleles appears to have smaller 
effects on obesity phenotypes than might be expected. Indeed, there is increasing evidence that there are 
complex interactions of these processes with environmental contingencies. So with few exceptions such as 
the FTO gene 32 leptin and the MC4 gene variants e.g. 33, which impact on relatively few people, it is hard to 
say there are many specific genetic predictors of obesity. At the present time the same arguments can be 
made not just for the genome but for the proteome and the metabolome. It is likely these models will be 
greatly refined in the next few years. But dissociating the effects of these causes from each other, let alone 
from environmental influences of obesity will be a major challenge for the future 34.  
Physiological predictors of short-term weight loss have been found under carefully controlled laboratory 
conditions, where patients have been subjected to a mandatory energy deficit, and the effects of variability 
in real-life dietary and activity patterns are removed. For example Hainer et al. 35 studied 67 women as in-
patients over four weeks and found that in a backward stepwise regression model: age, initial BMI together 
with baseline levels of growth hormone, peptide YY, neuropeptide Y and C-reactive protein predicted 
49.8% of the variability in weight loss 35. Psychological variables did not predict weight loss under these 
conditions, but they would be unlikely to, since the regimen was imposed on the patients over a short 
period and food and energy intake, and physical activity were all tightly controlled. 
Various studies have found relationships between co-morbidity status and weight loss in treatment 
programmes. For example, in a well-powered study of Janghorbani and Amini who investigated patterns of 
long-term weight changes among 7,820 patients with type 2 diabetes mellitus over 9.1 years the authors 
found that “… using a stepwise multiple regression model, higher body mass index, follow-up fasting 
plasma glucose, systolic blood pressure, triglyceride level and treatment with insulin increased the percent 
weight change, and higher number of follow-ups, cholesterol and smoking significantly decreased it” 36. 
However, while weight loss outcomes may have been due to the physiological changes observed, the 
associations detected may have also been influenced by psychological motivation associated with the 
patients’ self-perceived need to reduce their co-morbidity status.  
There is also some evidence that weight loss by gastric by-pass influences the hormones associated with 
gastrointestinal hunger and satiety (peptide YY and to a lesser extent GLP-6)  and that this itself may be 
associated with the increases in satiety associated with the surgery 37. In a separate study Le Roux et al. 
found that in 16 patients the attenuated appetite after gastric bypass is associated with elevated PYY and 
GLP-1 concentrations, and appetite returns when the release of gut hormones is inhibited. They suggested 
that gut hormones have a role to play in the mechanism of weight loss after gastric bypass, through their 
effects on appetite 38 . 
At present surprisingly few metabolic, genetic or hormonal biomarkers that specifically predict, to an 
extent that they can be used as practical tools in weight control programmes, subsequent success or lack of 
it at weight loss and its maintenance. This is probably due to a situation that is analogous to the 
psychological and behavioural predictors of weight outcomes. Neurendocrine predictors and correlates of 
weight loss are likely to be complex. It is likely that such factors will become more evident as large-scale 
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longitudinal studies begin to analyse the biomarkers of successful weight loss and to construct more 
complex models of the physiological determinants of weight loss and maintenance 39.  
Initial weight or BMI: Initial weight, initial BMI and a higher initial resting metabolic rate e.g. 35, 40, 41 tend to 
predict greater absolute weight loss 10, 25, 26, 42. However, resting metabolic rate correlates with body size, 
and the association between initial body size and weight loss is largely an effect of bigger people having a 
greater energy deficit when on a prescribed fixed-energy diet. In the STORM trial, resting metabolic rate 
explained only 1.7% of the variability in weight loss, and was not present in the multiple regression model 
41 . However, this study is potentially problematic because while the sample size was sufficient to make it 
sensitive, using a significance cut off of 15% meant that it was not very specific and may have generated 
some false positive predictors. In the large multi-European centred DiOGenes study, initial body weight was 
the strongest predictor of weight loss in a multiple regression analysis of weight loss in overweight or obese 
adults who followed an eight week low-calorie diet 43. Initial body weight explained 21% of the weight loss 
after eight weeks. Early weight loss, after one and three weeks, were also significant predictors (see 
below), increasing the variance explained to 68%. The larger energy deficit of heavier people on fixed 
energy diets might be expected to result in a positive association between initial body size and drop out 
rate from weight loss studies, but has not been consistently found 44.  
That initial body weight, or BMI, tends to be associated with greater weight loss is also, at least in part, 
because  a disproportionate number of very obese people tend to be treated using more intensive 
methods, which in the first stages of weight loss at least tend to yield greater success 21. 
Gender: Weight loss motivations for men and women appear to differ in nature and intensity 10. Dieting is 
more prevalent among women than men, and more women enrol in obesity-treatment programmes. 
Women are motivated to improve their appearance while men are motivated more by health and fitness 
concerns 10 p. 127. However, many studies find that success rates in weight loss programmes vary by gender 
with women experiencing smaller absolute and relative weight losses than men 10 p. 127.  
Age: According to the IOM (Institute of Medicine) “age potentially confounds many associations of other 
population characteristics with weight management variables” 10 p. 128. Indeed body weight and composition 
do change across the lifespan. In their characterisation of “the successful weight maintainer” Elfhag and 
Rossner 26 describe a person who has learned through a variety of coping strategies to manage and avoid 
relapse, to develop stable patterns of activity and eating behaviour that are conducive to weight 
maintenance and who has developed a network of support that helps them deal with the stresses of 
everyday life without resorting to food as a means of comfort. It may be that younger people have not had 
the time to develop these skills. Conversely, given the relationship between previous dieting attempts and 
failure to lose weight it may also be that some people fail to develop these skills and are chronic relapsers 7. 
Weight cycling: Previous attempts at weight loss or previous weight cycling are consistently reported as 
predictive of poor success at subsequent weight loss 10, 25, 26, 42. It may well be that previous attempts at 
weight loss are a separate issue from weight cycling, but they are often treated as similar in the literature 
(see below). A great deal has been made of the physiological basis of weight cycling and the possibility that 
previous weight loss makes subsequent weight control harder from a physiological perspective see 42. 
However, it is worth bearing in mind that the natural pattern of weight change in subsistence economies is 
indeed to cycle with the seasons. For example, Gambian subsistence farmers change weight by 10% 
between the wet and dry seasons 45. Yanovski et al. reported, in a prospective study of 195 US adults, that 
on average they gain 0.5 kg during the Thanksgiving and New Year period, which is not reversed during the 
spring or summer months. They suggest this gain probably contributes to the tendency for adults to gain 
weight in US Society 46. Currently we lack sufficient, frequent measures of body weight in enough people to 
be able to describe day-to-day, week-to-week and month-to-month patterns of weight change in the whole 
population or how this varies with degree of obesity. Indeed one reason why a 5% weight loss may be 
difficult to sustain is that people vary by this much from month-to-month and the factors influencing this 
variation will also influence the outcome of a weight loss within the bounds of that variation. In this context 
it is useful to see obesity as a chronic relapsing condition that requires long-term management, control of 
relapse and recognition of relapse signatures at the level of the individual. In this respect the stages of 
change model is highly relevant to weight loss and the prevention of weight regain 47.  
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Dietary restraint – binge restricted and disinhibited eating: Teixeira et al. 25 found little or no association 
between weight changes during treatment and baseline binge eating in 19 predictive models (most 
frequently assessed by the binge eating scale). The main reasons they cite for this is heterogeneity of the 
constructs concerned. For example, in 54,525 subjects it was found that restraint is not a single construct 
and splits quite neatly into flexible and rigid restraint; flexible restraint being far more predictive of 
successful weight loss than is rigid restraint 48, 49. Secondly, changes in binge eating may only really occur 
during the course of a lifestyle intervention, and so baseline measures are a poor indicator of change 
during treatment 25. Some evidence also indicates that individuals with the highest binge eating scores may 
drop out of treatment earlier 44. However, obtaining reliable measures of binge eating is difficult in such 
studies and many do not attempt to measure it at all. 
Personality profiles: Standardized personality tests are consistent in that they do not predict treatment 
outcome 25, 42. There appear to be two main reasons for this. Firstly, in most people personality is a 
relatively stable construct; it will not change much in relation to behaviour. However, of perhaps greater 
significance is the observation that instruments such as the Minnesota Multiphasic Personality Inventory 50 
and the Sixteen Personality Factor Questionnaires 51 are in some sense the psychologist’s shotgun in that 
they “measure a little bit of everything while not necessarily measuring any one construct in an especially 
focussed manner” 27. In contrast, factors more directly related to eating behaviour, such as the “food 
contents” Rorschach variable, may be more strongly related to subsequent weight loss 52, 53 The 
relationship between personality characteristics and weight outcomes are perhaps insufficiently studied at 
the present time 26. 
Psychopathology: Teixeira et al. 25 note that in virtually all of the studies they reviewed as pre-treatment 
predictors of weight loss “… measures of psychological well-being or psychopathology (mood, depression, 
personality disorders, etc.) were not found to significantly predict weight loss”. A major reason why this is 
so (as for self-efficacy, diet, exercise and binge eating) is that improvement in psychopathological 
symptoms occur during weight loss treatment 54, 55 and tend to co-vary with weight changes 56, 57 However,  
sample sizes in these studies were small, ranging from 53 to 138. Consequently, baseline assessments may 
lack an important or lasting impact. This is discussed further below.  
Coping strategies: A more autonomous coping strategy and one that relies more on confronting problems 
than avoidant strategies (e.g. eating, sleeping or wishing problems would go away) has been found to 
correlate better with successful weight loss and maintenance than a less autonomous style, in studies of a 
few hundred people 25, 26. 
Self-efficacy: Self-efficacy is the conviction that one can successfully execute the behaviour required to 
produce the outcomes desired 58. Results from studies prior to 1995 20, 47, 59 have led to the general 
conclusion that high self-efficacy towards eating behaviours is perhaps the only reliable predictor of 
subsequent weight loss 60 but the collective evidence since then does not confirm this 25.  
Self-motivation: Self-motivation is predictive of successful weight loss, both for dieting and exercie. 
However self-motivation often vacillates, in relation to lapses and relapses. It would be valuable to 
determine the factors that influence both pre-treatment motivation and changes in this construct during 
the treatment cycle. It is becoming clear that a major factor undermining self-motivation in relation to 
small lapses is self-criticism 61. 
Attitudes: People who were less likely to attribute their obesity to medical conditions appear more 
successful in later maintaining weight loss 26. This is similar to having a more internal locus of control and 
appears to be one of a cluster of factors that correlate with success.  
Body image and self-esteem: Given the complexity of these constructs, their interrelationships and the 
issues that surround them it is not surprising that body image and self-esteem have yielded mixed results 
as pre-treatment predictors of subsequent weight loss. As noted by Teixeira et al. “the diversity of 
assessments for this construct (in fact, the “diversity” of the construct itself) makes a summary conclusion 
difficult to reach” 25.  
Outcome expectancies: There has been considerable debate as to how we should help patients manage 
their outcome expectancies ever since Foster et al. 62 demonstrated that in most cases of the 60 obese 
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women studied minimal outcome expectancies exceed the maximal weight lost in a treatment programme. 
It has been suggested by some authors that unrealistically high outcome expectancies will increase the 
probability of drop out from any treatment programme. The literature and evidence base is a mixed bag. 
Teixeira et al. 25 felt that the combination of positive and realistic expectations foretell the best results, 
especially if accompanied by a strong sense of self-assurance. Elfhag and Rossner 26 go much further by 
suggesting “unrealistic” optimism can be a healthy and adaptive psychological mechanism which promotes 
healthier behaviour and cite Taylor et al. 63 in support of this controversial point. The bottom line is that 
despite little hard evidence to support modest weight loss goals, they have become the standard 
recommendation in many public health policy documents e.g. 9, 60. 
Locus of control: A person with an internal locus of control believes that outcomes tend to be under their 
own control. A person with an external locus of control attributes outcomes to external sources such as 
chance, the environment, genes or powerful others. Allison and Engel 27 cite locus of control as a clear 
example of where we may be able to predict outcome but do not realise it. They conducted a mini meta 
analysis of 11 studies and found a mean correlation of 0.19 between locus of control and weight loss in 858 
pooled subjects. However, a chi-squared test showed a considerable heterogeneity in the results due to 
some studies using far more focussed measures than others. The more incisive studies yielded higher 
correlations than the broader measures. Another illustrative and near ubiquitous finding that is 
generalisable to the whole of weight control prediction is that treatment outcome was weakly predicted so 
the predictor only accounted for a small proportion of the variance in weight loss.  
Diet: There is now a wealth of data from a variety of intervention and survey studies on the role of diet in 
weight loss. It is uncontroversial that a number of dietary attributes (fat content, energy density, portion 
size, low protein content, packaging, ease of preparation, low fibre content, low moisture content, etc.) are 
strongly predictive of weight gain and changes in these factors associate with weight loss e.g. 64, 65, 66. 
Furthermore, reversing these predictors now forms the cornerstone of dietary and indeed all behavioural 
approaches to weight management in the first instance. There is still some debate as to the role of specific 
macronutrients, combinations thereof (e.g. protein and glycaemic index) and certain ingredients in weight 
control. 
Exercise: Baseline exercise behaviour is a poor pre-treatment predictor of weight loss 25. A variety of 
sources also suggest that exercise is a poor initial means of weight loss (although it is important in weight 
loss maintenance, see below) 57, 67-73. This is largely because, for a variety of reasons, the obese do not want 
to, or are not able to, exercise enough to have a large impact on energy balance. This is why diet has 
become the cornerstone of initial weight loss attempts. 
Quality of life: There is currently little known of how quality of life predicts subsequent weight loss or its 
maintenance. As with many predictors of weight loss, quality of life can be confounded and correlated with 
other variables associated with weight loss. 
Social Support: Teixeira et al. 25 found no evidence that social support is a pre-treatment predictor of 
weight loss. This is unsurprising since people often use social support to solve behavioural problems during 
the process of weight loss rather than at the outset.  
 
Process and treatment based correlates of weight loss. 
It is easier to distinguish between pre-treatment predictors and weight outcomes than other 
treatment/process or maintenance correlates of weight loss at subsequent points in the weight loss and 
maintenance process. Distinguishing between treatment/process correlates and weight maintenance 
correlates of weight outcomes is less clear. This is because many of the changes that occur during the 
process of weight loss become the basis for habitual weight maintenance behaviours. Some treatment 
correlates thus become maintenance strategies, but these processes are variable both within and between 
people. Table 1 shows that during weight loss treatments, positive personal predictors include high 
perceived self-efficacy and the fact that men tend to lose weight more than do women. These data are 
complied from a variety of sources with varying statistical power, although on aggregate the findings are 
quite robust. Positive process factors include programme attendance and early weight loss. Positive 
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treatment factors included length of treatment, social support, incorporation of behaviour modification 
techniques (especially self-monitoring and goal setting) and increased physical activity 10.  
Consistent negative behavioural and psychological predictors of weight loss seem to be greater in number. 
Unsurprisingly, the most consistent negative predictors appear to be the opposite of positive predictors, 
with the addition of repeated attempts at weight loss and the experience of perceived stress 10, 42. These 
two factors are probably not unrelated. One of the key correlates of relapse is the inability to develop 
coping strategies that manage various forms of stress (including weight loss) in every day life 7, 25, 26, 74 
Attendance: Attendance at a programme is one of the most consistent process based correlates of weight 
loss 10, 26, 75, 76. The key issue however is whether attendance predicts weight loss, or weight loss predicts 
attendance. It has been noted that both factors may be influenced by a third one, such as increased 
motivation or fear 10. The Institute of Medicine’s 1995 review summarised predictors of attendance as 
positive (closed group classes, refundable deposits, perceived health improvements), negative (stress, small 
initial loss, low perceived energy) and non-predictors (age, start weight and BMI, mood, age of obesity 
onset and hunger susceptibility) 10 p. 123. 
Early weight loss: Early weight loss in a programme is consistently and significantly associated with 
subsequent weight loss 77. In the DiOGenes study, weight loss after the first and third weeks were 
predictive of final weight loss 43. First week’s weight loss, but not weight loss at weeks 2-8, predicts weight 
loss at 12 weeks and explains some 20% of the variance in a supervised commercial weight loss programme 
78. Early weight loss also correlates with subsequent attendance 10. 
Self-monitoring: It has now been found in a number of studies that self-monitoring behaviour in terms of 
weight, diet and activity are cardinal behaviours of successful weight controllers e.g. 10, 22-24, 42, 75. Given the 
difficulty even scientists currently have with monitoring food intake and energy expenditure it seems likely 
that successful weight maintainers are successful at monitoring the behaviours that are associated with 
weight stability rather than directly measuring their intake or expenditure. Conversely, it has long been 
known that those with refractory obesity underestimate their intake and over-estimate their energy 
expenditure e.g. 79. Self-monitoring is crucial if relapse is the key mechanism by which weight regain occurs. 
This is because in order to avoid relapse one must learn to cope with, and navigate around, a lapse. To do 
this most effectively it is valuable if people can become aware of their own relapse signatures through 
some form of self-monitoring. This is an exciting area for the future use of hand-held technology, especially 
in the areas of dietary and physical activity behaviours. 
Social support: While social support is a poor pre-treatment predictor of weight loss, social support during 
weight loss is a correlate of weight loss 26, 75. Also it is known that group support tends to be better than go-
it-alone approaches or even one-to-one approaches 10, 75, 76 One such study was a well powered randomised 
controlled trial 76. However, an individual’s degree of success is likely to be heavily influenced by their 
capacity to construct linkages and alliances with people sharing the same problem, and the quality of the 
social support network available 80. Williams and colleagues noted that perceived type of support from the 
intervention team in 128 subjects, measured 5-10 weeks into the programme, was important for later 
success 81. Specifically, when support was viewed as fostering autonomy as opposed to being controlling, 
participants obtained significantly better results 25 and see below. It is likely that the self-help group dynamic of 
weight loss groups acts as a catalysing environment for the adoption of coping skills and strategies 80. 
Humans are intensely social animals and often find it far easier to solve specific problems in a social context 
provided they consider that environment to be safe and secure 61, 80.  
Dietary restraint, binge-eating, restricted and disinhibited eating: It was argued above that restraint, 
disinhibition and binge eating are poor pre-treatment predictors of weight loss and that the behavioural 
changes that correlate with success may only occur during the course of treatment. Evidence is mixed in 
relation to weight loss maintenance. Earlier clinical studies, according to Wilson 42, show that binge eating 
is not a reliable predictor of outcome in obese patients. This contrasts with the findings of the National 
Weight Control Registry (NWCR) who noted that members of the registry who gained weight over a 12 
month period reported greater decreases in restraint and increases in hunger, dietary disinhibition and 
binge eating 23.  While the NWCR has large numbers and high statistical power they may be a specific sub-
population in that they are characterised  by successful weight loss maintenance. Thus the current 
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fragmentary evidence suggests that these traits (with the exception of flexible and rigid restraint) do not 
reliably predict treatment outcome but are significantly associated with post treatment maintenance of 
weight loss and perhaps compliance with treatment programmes. 
Personality profiles and psychopathology: There is some (weak) suggestive evidence of personality in 
relation to weight maintenance. Elfhag and Rossner 26 note that the Karolinska Scale of Personality (a scale 
of socialisation) has been related to weight loss maintenance in two studies 82, 83, while others have not 
replicated the findings 84 . Earlier work seemed to suggest that a more developed personality with regard to 
relating to other people 85 is associated with success. Conversely, more perceived initial dysfunctions in 
social interactions has predicted weight relapse 86, although evidence for a relationship between 
psychopathology and weight maintenance is sparse 26. There are weak indications that a trend towards 
psychopathology is associated with poor weight loss in obesity treatments 53, 87, 88. This issue is complicated 
by medication usage as use of many mood stabilisers and antipsychotics is associated with weight gain. 
Other authors have sounded a note of caution with current measures of psychopathology in obesity 
research since they may be tools designed to detect a range of psychopathology that covers the full clinical 
spectrum and may be too broad to detect some of the sub-clinical manifestations of these disorders in the 
obese population 74. Here is another example of where more specific and incisive tools may help us to 
better focus on the predictors we are looking for. The same arguments hold for depression. Some of the 
analyses appear counter intuitive, in which greater depression at baseline predicts greater weight loss 89, 90 
however, these are relatively small studies with low statistical power. It may well be that a degree of 
dissatisfaction and unhappiness with the current state of one’s life is part of the stage of change model 
required to muster the motivation to change in the first place. For others, however, bouts of depression 
may be the triggers to lapse which lead to relapse and regain. This is again a heterogeneous predictor in an 
equally heterogeneous population. Furthermore, many studies (especially clinical trials) initially screen out 
subjects with clinical depression or clinically diagnosable psychopathology, which may render some 
analyses inappropriate because of lack of variance in the trait of interest. 
Coping strategies: In general, active problem solving and coping is more adaptive than passive forms 42. 
Kayman et al. 91 found that problem focussed rather than emotion focussed coping strategies were 
associated with weight loss maintenance over two years. Sample sizes were however quite low (44 
relapsers, 30 weight maintainers and 34 controls). The former involves developing problem solving skills 
aimed at directly resolving challenging situations, the latter involves ways to reduce emotional stress such 
as eating, sleeping more or simply wishing a problem would go away. Elfhag and Rossner 26 note that 
research findings on relapsers (weight regainers) indicate that they tend to eat in response to stressful or 
negative life events and negative emotions that can be evoked by stressors in everyday life 91, 92, and have a 
tendency to use eating to regulate mood rather than directly confronting life’s problems. Again, sample 
sizes were not large and did not exceed 100. Relapsers have also been shown to report more help seeking 
behaviour as a means of coping with a dietary relapse. It may be that they exhibit a more external locus of 
control and/or a lack of self-efficacy. However, it may be that these are people who seek, but do not attain, 
the social support they need to develop problem solving skills that cope with the vagaries of a lapse, 
whereas, successful lapse-managers establish a robust support network upon which they can rely, in 
addition to their own resources. 
Self-efficacy: Changes in self-efficacy are predictive of success, at least in groups ranging from n = 54-113.  
86, 93-95. Some of the more general measures of self-efficacy may be more predictive of success than more 
specific measures 25. 
Body image and self-esteem: Retrospective studies show that those with more concern for their shape and 
appearance successfully maintain a lower body weight. Elfhag and Rossner 26 term this a “healthy 
narcissism” about their appearance and physical condition. Given that the majority of women in the 
general population want to lose weight for reasons related to self-worth, self-esteem and appearance it is 
not surprising that pride in appearance has been found to be one of the four main factors facilitating 
weight maintenance in a sample of 109 subjects 96. Nonetheless this is again a heterogeneous and complex 
issue. Of most concern is the point at which so called healthy narcissism becomes unhealthy. A tendency to 
evaluate one’s self worth in terms of body image (weight and shape) has been associated with weight gain 
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in 76 women 97 and some regainers do not see themselves as just heavier but can view themselves as ugly 
91. This implies that body shame could be an import factor 98.  
Many obese women have low esteem and lack confidence, both of which improve following weight loss; 
they also feel that they are discriminated against, and are stigmatised by their weight 99. Perceived 
discrimination may actually increase following bariatric surgery, as surgery is often seen by others as an 
easy or lazy method of weight loss 99.  
Many obese people see themselves as a failure, ugly, disgusting, ashamed, guilty, and at fault. In one 
commercial slimming organisation, associated with one of the authors, this is called “the burden of shame 
and guilt” that needs to be lifted before “the burden of body weight” can be addressed. Until recently 
these dimensions of the participant’s perspective on their own weight and ability to control it have 
received little attention from the majority of the clinical or scientific community.  
It is becoming clear that successful weight loss does improve a patient’s perception of self-image and 
enhances self-esteem 99, 100,. In particular a meta-analysis of 117 weight loss treatment tests showed that 
weight loss treatment was associated with lowered depression and increased self-esteem 100. How these 
improvements relate to the maintenance of weight loss is less clear. It seems however that the factors 
relating to body image and self-esteem that empower a person to cope with a lapse situation should be 
predictive of weight loss maintenance as they would buffer that person from the gravitational force of their 
previous lifestyle, to which they will feel pulled as they try to establish new lifestyle habits that maintain 
them at a new lower body weight.  
Diet: A regular dietary pattern involving a low fat diet, of low energy density, containing a large proportion 
of fruit and vegetables and breakfast, is associated with weight loss maintenance e.g. 10, 22-24, 42, 75. It seems 
that at the individual level establishing an individual adaptive pattern of behaviour for weight maintenance 
is rather more important than rigid adherence to specific recommendations. Thus 45% of the NWCR 
studied by Klem et al. 22 lost weight on their own. Many people who are successful work it out for 
themselves and find their own solutions that map onto their own lifestyle patterns 91. In this way they are 
able to adapt their diets to their individual needs and make it a habit.  
Exercise: Exercise becomes increasingly important as weight loss proceeds, and is of overwhelming 
importance in maintaining weight loss. However, the amount of exercise required to maintain weight loss is 
quite considerable as has been documented 101-103. Increases in physical activity and decreases in sedentary 
behaviours are key correlates of weight loss maintenance 104, 105. The statements made about diet are also 
largely applicable to exercise. The key criterion by which exercise helps weight maintenance is that the 
person does enough of it 101-103 in a manner that can be adapted to their habitual lifestyle. Recently Teixeira 
et al. have documented, in 225 women, that success in long-term weight maintenance interventions are 
associated with increases in both exercise self-efficacy and exercise intrinsic motivation 106.  
Quality of life: It is now clear that increased BMI is associated with reduced quality of life in a sample of 
3353 US adults 107, and that several approaches to weight loss improve quality of life. Also the 
improvements in quality of life are related largely, but not entirely, to the degree of weight loss in a meta-
analysis of 117 weight loss treatment tests 100. Other factors such as psychotherapeutic approaches that do 
not produce so much weight loss also positively impact on quality of life. While it would seem intuitively 
obvious that improved quality of life would increase maintenance of weight loss, this is yet to be clearly 
demonstrated. 
Duration of treatment: Given the issues of attendance discussed above it is not surprising that duration of 
treatment predicts weight loss 108. That is at least for those who remain in treatment. The problem is those 
who do not, as they are often lost to study and it is difficult to know what exactly happened to them. 
Another problem is the law of diminishing returns. Weight loss is not directly proportional to length of 
treatment but tends to fall off or decelerate in a curvilinear fashion as time progresses e.g. 109. 
Type of treatment: It is reasonable to say that, with the possible exception of surgery, all are limited in 
efficacy and duration. Complex interventions are more effective than monotherapies, as illustrated by 
extensive reviews 10, 21, 110. Hence the call by some for lifelong approaches 111. It also seems that the more 
dimensions or modules of behaviour change that a person can fit into their lives the greater the chance of 
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success e.g. 10, 21, 112. In discussing whether we can better match subjects to treatments Allison and Engel 27 
note that the study of attribute-treatment interactions is at an early stage of its infancy. They note that 
there is virtually no research that tries to target specific treatments to different types of individuals using 
randomized protocols. In fact where such attempts have been made all too often an attribute-treatment 
interaction is not found. For example randomising people who preferred group therapy over individual 
therapy produced no attribute treatment interaction, just a main effect of group over individual therapy 113. 
Another interesting methodological point here is that while patients are rarely allotted to the treatment 
they prefer, they are often prescribed a treatment the physician deems most suitable for them or as 
recommended by some guide such as the Obesity Treatment Pyramid. Thus comparisons of treatment are 
often done using patients specifically if not appropriately selected for that treatment. 
The key features of psychological and behavioural models that attempt to predict weight trajectory in the 
real world are that: (i) many predictors explain a small percentage of the variance; (ii) the more closely 
analyses focus on a given variable, the more likely it is to be accounted for by several other small variables, 
each accounting for a smaller proportion of the variance; (iii) correlative or predictive relationships are 
different in different populations studied, partly because of the attributes of the populations, and partly 
because of the characteristics of the treatments; (iv) most of the variance remains unexplained. 
Physiological models are likely to show very similar patterns. 
 
Correlates of weight maintenance 
It is logical to assume that many of the behaviour changes initiated during the treatment period of weight 
loss will carry over into the post weight loss, maintenance phase to form the basis of a new pattern of 
behaviour that is associated with weight loss maintenance 8. Wing et al. and Hill et al. characterised the 
attributes of successful weight losers in the NWCR and these analyses tell a reasonably similar and 
statistically robust story 22-24, 114, 115. Positive predictors of weight loss maintenance include physical activity 
(which is a poor predictor of weight loss itself), self-monitoring, a positive coping style, continued social 
support, normalisation of eating patterns and reduction of co-morbidities 10 p. 125. The NWCR data shows 
that flexible coping strategies and eating breakfast are also positive predictors of weight loss maintenance 
22-24, 114, 115. Similar results have recently been reported in a smaller (n = 225) sample of Portuguese women 
by Teixeira et al. with the inclusion of lower emotional eating, flexible cognitive restraint, body image 
dissatisfaction, exercise self-efficacy and exercise motivation 106. Negative predictors of weight loss 
maintenance include negative life events and family dysfunction, while higher levels of depression, dietary 
disinhibition, small lapses and binge eating were predictive of weight regain 23. It is interesting that the 
NWCR is likely to be more representative of people in the general population who have succeeded in 
maintaining a significant (at least ~15kg) weight loss over a sustained period of time than many of the 
groups studied in clinical trials or research interventions. While the sample size is large (now several 
thousands) they are still a very specific self-selected sub-group, who are mainly middle aged, female, 
college educated and Caucasians, and it is not yet clear how generalisable the findings from this group are. 
Having said this, a general overview of the behaviours of successful weight loss maintainers in the NWCR is 
interesting and illuminating. Figure 1 shows the approximate rank order of specific behaviours practiced by 
registrants. This is approximate because measures and numbers of registrants vary between publications 
over the 10 years of the registry’s existence. It is, however, clear that the behavioural correlates of 
successful weight loss maintenance in the NWCR are individual and heterogeneous. The range of 
behaviours exhibited indicates that different people achieve weight loss maintenance in different ways. 
While many registrants engage in the behaviours depicted, individuals tend to choose a behavioural profile 
that presumably best meets their own lifestyle needs, to control their weight 14. 
 
Correlates of poor weight maintenance or relapse. 
It is clear that weight loss is difficult and relapse is frequent. Indeed, it has been robustly argued and 
observed that obesity, like substance dependence and certain mental health conditions (e.g. bipolar 
disorder) is a chronic relapsing condition 7. This is supported by numerous trials of behaviour modification, 
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diet, exercise, drugs and surgical approaches to obesity treatment 7.  In the NWCR – who are the most 
successful long-term weight loss maintainers longitudinally studied on earth – 2400 people were followed 
to scrutinize the issue of relapse. They had lost an average of 32.1 kg and kept it off for 6.5 years. The mean 
reported weight change from entry into the registry until two years later was 3.8±7.6 kg. At year two, 
96.4% of the sample remained at or more than 10% below the maximum lifetime weight. Small regains 
were common, and few people were able to re-lose weight after any weight regain. Of the participants who 
gained any weight between baseline and one year (n=1483; 65.7%) only 11% returned to baseline weight or 
below by year 2. Of participants who relapsed, which was defined as weight regain of 5% or more at year 1, 
(n=575 or 25.5% of the sample) only 4.7% returned to their baseline weight or below by year two, and only 
12.9% re-lost at least half of their year 1 gain by year 2 116. Thus even the best of the best weight loss 
maintainers experience frequent small lapses, from which they find it difficult to recover. The crucial thing 
about chronic relapsing conditions is that they cannot be cured by a simple medical intervention. They are 
conditions that you are either born with or have a susceptibility to and they need to be managed over the 
course of the lifespan.  
There is some quite convincing evidence that there is quite a strong physiological basis to weight relapse. 
Leibel et al. have shown in well-designed laboratory studies how maintenance of a reduced body weight 
lowers energy requirements, which opposes the maintenance of weight loss (and vice versa) 117. They 
examined the effects of altering body weight on energy expenditure and its components (resting and non-
resting energy expenditure, and the thermic effect of feeding) in 18 obese and 23 never-obese subjects. 
Subjects were studied at their usual body weight, after losing 10 to 20% or gaining 10% of their usual 
weight by underfeeding or overfeeding respectively. Maintenance of a body weight 10% or more below 
normal was associated with a mean (+/- SD) reduction in total energy expenditure of 25 +/- 12.6 kJ/kg fat-
free-mass/d in the subjects who had never been obese (P < 0.001) and 34 +/- 21 kJ/kg fat-free-mass/d in 
the obese subjects (P < 0.001).  This is equivalent to ~ 1.25 MJ/d and 2.4 MJ/d assuming a fat-free-mass of 
50 kg and 70 kg in the lean and obese subjects respectively. Resting and non-resting energy expenditure 
each decreased 13 to 17 kJ/kg fat-free-mass/d in both groups of subjects (~0.65 and 1.2 MJ/d).  Thus a 
decrease in weight of 10-20% decreased total energy expenditure by 1.85 MJ/d . Maintenance of body 
weight at a level 10% above the usual weight was associated with an increase in total energy expenditure 
of 38 +/- 29 kJ/kg fat-free-mass/d (~1.9 MJ/d) in the subjects who had never been obese (P < 0.001) and 
33.6 +/- 17 kJ/kg fat-free-mass/d (~2.4 MJ/d) in the obese subjects (P < 0.001). The thermic effect of 
feeding and non-resting energy expenditure increased by approximately 4 to 8 and 34 to 38 kJ/kg fat-free-
mass/d, respectively, after weight gain. Clearly the greatest change in energy expenditure occurred through 
non-resting energy expenditure. Furthermore, there are changes in the hormones, leptin and ghrelin 
associated with these changes in body size and composition which indicated a suite of weight-loss induced 
physiological changes place a neurendocrine “pull” on behaviour and motivation, which opposes further 
weight loss and may promote relapse 118-122 There is also evidence that administration of low dose leptin, 
ameliorates the strength of some of these signals 123-125. Thus, it is possible that in the future neurendocrine 
predictors of relapse risk may be of be of value, although they may have little greater predictive capacity at 
predicting weight relapse or failure at weight maintenance, than weight loss itself. Throughout this paper 
we have touched on a number of areas that are predictive of relapse. 
It appears from the above discussion that there is a strong biological basis to weight relapse and its high 
frequency is uncontroversial. A consideration of the habits of successful weight loss maintainers in the 
NWCR is highly illuminating in this regard, because the NWCR are largely people who have learned to 
develop behavioural strategies to avoid or deal with relapse 22-24, 114, 115. Even then, relapse is frequent and 
coping with even small lapses requires considerable effort. It appears that the simplest predictor of relapse 
is a failure to build on and maintain the patterns of behaviours that led to weight loss in the first place. 
Thus in a small study of 5 men and 35 women Schlundt et al. found that the three main categories of high-
risk situation for relapse were positive social interactions, negative emotions and physiological craving as 
well as impulsive eating 126. Similarly Kayman et al.’s  analysis of weight maintainers, relapsers and controls 
found that of relapsers, few (34%) exercised regularly, most ate unconsciously in response to emotions 
(70%), few used available social support (38%) and few confronted problems directly 91. These data along 
with those of the NWCR illustrate that to avoid relapses one has to develop skills and coping strategies in 
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the domains of behaviour (e.g. diet and exercise), and emotion (e.g. structure versus impulsiveness, social 
support, food as a means to cope with emotional perturbations). Furthermore, it seems these changes 
need to become practiced until they become autonomic, default, and habitual. Even then, as illustrated by 
the discussion of the NWCR above, small lapses do occur and require considerable effort to overcome. 
Turner et al.  emphasise the importance of low self-esteem as a trigger for relapse 127. A survey by Cachelin 
et al. of 3394 men and women found that women in particular rated depression, stress, low self-esteem 
and need to avoid situations, as the more important reasons for weight gain and women were more likely 
to feel terrible and regain as response to a relapse 128. Similarly Byrne et al. identified certain characteristics 
associated with weight regain but not maintenance 129. These were failure to achieve weight goals and 
dissatisfaction with weight achieved, tendency to evaluate worth in terms of weight and shape, a lack of 
vigilance with regards to weight control, dichotomous thinking and a tendency to use food to regulate 
mood. In addition to this a large examination of a group of weight controllers (n = 286) and subsequently 
3345 members of the NWCR extracted two factors from the disinhibition scale: “internal” factors such as 
feeling, thoughts and affect; “external factors” such as social events, the sight of food. Internal disinhibition 
significantly predicted weight change at one year while external disinhibition did not. It has recently been 
articulated that feelings of failure, stigma, self criticism and shame may by key factors underlying relapse in 
people who have a tendency to relapse and this is an important area of research for the future 98.  
Thus while the predictive capacity of individual factors that may lead to relapse is not yet well documented 
there is emerging a cluster of traits which taken on aggregate do indicate a tendency to fail to resist the 
physiological pull induced by an imposed energy deficit. 
 
Attrition 
Attrition is a major problem in most if not all obesity trials. A recent systematic review of 121 articles 
estimates that the mean drop out rate is ~37% 130 . In clinical trails drop out can actually increase in 
treatment groups, relative to controls eg 130.  Attrition is also influenced by initial weight loss 78, 131.  
However, attendance also influences weight loss. The exact relationship is not yet clear.  Weight loss begins 
rapidly and starts to slow as weight loss proceeds. It is clear from a number of other studies in the 
literature that attendance is a major correlate of weight lost 10, 132-135. The exact mechanisms by which 
attendance translates into weight loss is not clear and may well differ for different people. It may be that 
those who lose a greater percent of baseline weight in the first week are more motivated (either before 
they attend or as a consequence of their experiences in the first week), they may have familiarised 
themselves with the treatment programme to a greater extent, are simply on a consistent trajectory of 
greater weight loss or a combination of these variables. 
In other studies the predictors of attendance are not dissimilar to those for relapse. Again, it is likely that 
the two are related. It is pertinent to point out here however, that this is what we capture in studies that 
have a beginning and an end, arbitrarily set by the investigator. In real life it seems that a significant 
proportion of the overweight population make numerous attempts at weight control and so perhaps the 
whole concept of an “obesity treatment programme” is as much reflective of the intentions of the 
experimenter or clinician as they are the subject’s. Given that obesity is a chronic relapsing condition, we 
should perhaps evolve models that take account of the more dynamic nature of attempted weight control 
patterns, both within and between people and over time.  
Thus in a study of 6943 people using internet weight control interventions, non-usage attrition at 12 weeks 
was associated with higher age, lower exercise, emotional eating and skipping meals. However for the 2656 
remaining at 52 weeks eating breakfast and avoidance of sugared beverages were the only pre-treatment 
predictors of non-usage attrition 136. In another examination by Garaulet et al. in 454 participants greater 
obesity and barriers to weight loss, lower planning of eating behaviour and experience of stress all 
predicted attrition 137. Elfhag and Rossner’s analysis of 247 obese participants of weight loss programme 
suggested that lower education, being an immigrant, lack of occupation, fewer previous weight loss 
experiences and body dissatisfaction were all associated with attrition 131. Fabricatore et al. found in 224 
obese adults that after adjusting for other variables younger age and greater baseline depressive symptoms 
were associated with attrition 138 . In an analysis of 24 randomised, controlled trails,  Fabricatore et al. 
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found that gender was related to attrition (higher for females) and that designs with a lead-in period 
lowered attrition rates 130. Dalle Grave et al. found that unrealistic weight loss expectation predicted 
attrition in 2978 Italians 139, which has implications for the discussion of healthy Nacissism above. Teixeira 
et al. found in 158 overweight and obese women pre-treatment predictors of attrition were previous 
weight loss attempts, poorer quality of life, more stringent weight outcome evaluations, initial weight, 
exercise minutes, fibre intake, binge eating, psychological health body image and lower reported 
carbohydrate intake at baseline 44.  The interrelatedness of many of these predictors is demonstrated by 
Sherwood et al.’s analysis of binge eating status as a predictor of weight loss outcomes in 444 women. They 
found that binge eating was related to dieting history, weight cycling, depressive symptoms, perceived 
barriers to weight loss and attrition 140. They also found that assessment of binge status co-varied with 
weight loss and regain.  Herein lies another problem of heterogeneity. The above studies cited were as 
different in design and execution as were many of their outcomes. Nevertheless, there is an emergent 
pattern. As with predictors of weight loss outcomes, predictors of relapse and attrition are complex, 
heterogeneous, multifactorial and inter-related. 
An illuminating perspective of the complexity of attrition in the treatment of obesity has been given by 
Grossi et al. who conducted structured telephone interviews on 940 obese patients involved in an 18 
month treatment programme. They noted that ”After a median observation period of 41 months (range, 
25-50), 766 of 940 patients (81.5%) discontinued treatment. Sixty-two per cent of total dropout occurred in 
the first year of follow-up. Seventy-four per cent of dropouts reported a single primary reason for 
treatment interruption. Two primary reasons were reported by 22.4% of patients, and three reasons by 
3.4%. Practical difficulties, alone or in combination, were reported by more than half of dropouts (55%), 
and were the leading cause of attrition followed by perceived failure of treatment. Among practical 
difficulties, family problems or problems at work and logistics, coupled with health problems other than 
obesity, were the most frequent reasons of attrition, but also a perceived sense of abandonment or a bad 
interaction with therapists were frequently reported” 141. Their conclusion that practical difficulties and 
psychological problems are the most important reasons of attrition reported by patients seems reasonable. 
 
Environmental correlates of weight loss and weight loss maintenance 
Rossner 142 has elegantly outlined how successful weight loss and its maintenance can be readily achieved 
when the environmental changes are largely out of the control of the people concerned and involuntarily 
imposed. Within Western society the environmental correlates of weight loss and maintenance are far less 
clear. Indeed, we are remarkably short of direct, clear empirical measures of the environment that 
correlate with or predict weight loss or its maintenance. Furthermore, there are a number of agents in the 
environment who hold much of the information on this topic as confidential proprietary data on the 
behaviour of consumers – namely the retail sector. They appear far more able to predict our habits than 
most of us are as individuals. This is a critical issue because we are creatures of habit, and when 
measurable (as in the case of activity patterns) those habits can be described and predicted as 
demonstrated in a sample of 100,000 anonymised mobile phone users 143. There are currently some very 
exciting developments in mobile technology to monitor patterns of human movement and even energy 
expenditure 144-149. The key point here is that in order to help people change their habits we need more 
measurement, modelling and prediction of intra-subject patterns of behaviour. Prediction of intra-subject 
variables in eating and activity behaviour would assist people in maintaining the new habits associated with 
weight loss by recognising relapse signatures and departures from their new “healthy” habits. 
 
When predictive/correlative measures are made and how they relate to weight outcomes 
Table 2 shows the dynamic phases of behaviour change people progress through to successfully lose weight 
and maintain the loss. The table can readily be reconfigured for unsuccessful weight loss by substituting 
negative outcomes at various points during the treatment and post-treatment phase. The table is a product 
of the above discussion and its salient features help explain why so few key predictors explain much of the 
variability in weight loss outcomes that can be generalised to the whole population. 
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Pre-treatment predictors of weight loss are baseline measures. Little has yet changed and if it is eating and 
activity behaviour that brings about changes in energy balance, or indeed if these changes are attended by 
alterations in attitudes, affect and psychopathology, we should not expect baseline measures to strongly 
predict outcomes. This is unless certain traits are consistently associated with specific outcomes. Even then, 
the traits themselves are numerous and so should not be expected to predict much of the variance in 
outcomes. 
During treatment it is increasingly clear that different people change various traits to differing degrees over 
time, and so the correlates of successful weight loss are complex, heterogeneous and dispersed over time. 
While this is the point at which most change actually occurs, changes are not uniform across individuals or 
time, making causal relations difficult to establish. Furthermore during this phase many people experiment 
with different behavioural solutions – they chop and change between options until they find pathways of 
behaviour change that best suit their lifestyles. Under these conditions variability in both predictors and 
outcomes is inconsistent and high. 
In the post weight loss or weight maintenance phase there is evidence that successful weight loss 
maintainers settle into a new profile of behaviours, attitudes and psychological profiles that essentially 
keep them in a state of constant vigilance 14, 26. Many, however, relapse and either regain weight or revert 
to strategies of attempted weight loss. Under these conditions variability in both correlates and outcomes 
are inconsistent and high for relapsers but less so for maintainers. However, for weight maintainers, there 
is enormous heterogeneity in the specific degrees to which individuals exhibit specific profiles of behaviour 
change and psychological profiles. There is also variability in the extent to which they relapse, at least in the 
large sample of the NWCR 14. While a range of behaviours and psychological traits change significantly in 
weight loss maintainers, as a consequence of weight loss, few specific traits explain much of the variance 
for the whole population; intra-individual variability is too great. It is therefore to be expected that models 
do not explain a large proportion of the variance in weight loss outcomes, because they are population 
models, which attempt to elucidate common pathways for groups of people. In reality those groups of 
people appear to be exhibiting a range of behavioural and psychological changes but to differing degrees. 
Hence, we need more process models, which acknowledge that for any one individual, obesity is like 
headaches or depression; it is an end state arising from multiple interacting processes. It is the fine grain 
research at the level of individual variations that will help us to understand and design better interventions. 
So for some, obesity might be linked to poor knowledge of diet or poverty, to difficult emotions or history 
of childhood trauma, to poor impulsive control, to alcohol use when eating at night, to a work style of 
business lunches and dinners. Factors that are linked to vulnerability might be different to those that are 
linked to triggering onset, and vary from those that make engagement, help seeking or “treatment” 
difficult, which vary from those that help recovery, and which vary from those that maintain recovery. As a 
simple example, a problematic relationship and divorce might trigger emotional difficulties leading to 
overeating, loneliness may maintain that pattern, but meeting a new partner or gaining a social support 
through a slimming group, or gaining a new job might enhance self-esteem, improve motivation and impact 
positively on diet. 
To date the majority of measures have been made as pre-treatment predictors of weight loss outcomes 
e.g. 25 or post-treatment correlates of weigh loss maintenance 14. As discussed throughout this paper, these 
measures are highly variable, in different sub-populations of the obesity spectrum and studies use sample 
sizes that range many thousands to a small handful. Few studies of sufficient size, scale or complexity track 
people through the dynamic, relapsing process of weight change. Even if they did it is likely that predictive 
or correlative models would not account for much of the variance, for the reasons discussed above. 
 
Summary and recommendations 
At the present time the pre-treatment predictors of weight loss and its maintenance are relatively few, the 
evidence is that predictors are heterogeneous and predictive models are weak. Most models and indeed 
constructs explain no more than 25-30% of the variance in weight that is lost 25. The same is true for the 
maintenance of weight loss. Many of the factors that might seem intuitively good pre-treatment predictors 
of weight loss (self-esteem, motivation, binge eating, dietary behaviour and exercise) do not turn out to be 
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so. However, many of these factors are important correlates of success, although the amount of variance 
they explain is either small or highly variable between different groups. It is likely that combinations of 
these types of process are important. Other reasons for poor prediction are populations, treatments, 
constructs and measures of constructs; these are all highly heterogeneous, usually in small groups of 
subjects studied. Consequently the evidence base in these areas is limited. It is reasonably certain that it is 
not going to be possible to use the information we currently have to match the needs of individuals with 
the characteristics of treatment programmes. We need to develop new research programmes to reach the 
goal of matching treatments to patients’ needs to improve success at weight loss maintenance. We also 
need to recognise that people will need different things at different points in their treatment cycle. What 
might help them in a chronic or acute state may be quite different from what is helpful in a maintenance 
stage. Helping people to be more attentive and mindful of their relapse signatures and having specific 
coping behaviours for those relapse signatures – as is increasingly important in mental health – is likely to 
be important for this population too. But that requires a highly individualised analysis. 
It may be more valuable to develop flexible weight loss programmes that  allow people to tailor them to 
their own lifestyle rather than trying to crowbar different “types” of people into discrete types of 
treatment. Indeed, given that most behaviour constructs are dimensional, they are better described as 
continua rather than categorical. If this is indeed the case, the idea of matching type of subject to type of 
treatment in a categorical way is likely to fail. Instead, we should be trying harder to measure and predict 
patterns in individual behaviours that are associated with weight stability and those that are at risk for 
weight gain. We should use this information to help people shape behaviour change solutions to their own 
lifestyle needs and monitor lapse and relapse signatures when they start to drift back towards weight 
regain. It may be that for some specific measures (e.g. diet, exercise, self-efficacy) people do cluster, but 
that variability between specific measures will be very heterogeneous. Hence, types of people do not 
match to treatments, but modular treatments can be adapted to meet the needs of specific behaviour 
patterns. 
We also need to think if we are targeting the right psychological processes. For example, there is a lot of 
evidence now that shame, self-criticism and experiences of stigma have major impacts on people’s mental 
health and abilities to cope 98. Self-criticism in particular is highly linked to emotional difficulties 150. For the 
most part, these have not been systematically studied in obese populations (although we are now 
beginning such studies). Nor has targeting them as treatment interventions been explored. 
It is worth bearing in mind that the various psychological constructs discussed in this paper often overlap 
and may be simply glimpsing the same phenomenon (ability to control weight) by viewing it from different 
perspectives. This phenomenon can be called the ability to navigate to a healthier body weight and remain 
at that point. In order to do so one needs to alter behaviour enough to alter energy balance. Having done 
so, the person then needs to maintain a new pattern of behaviour until it becomes habitual, and resist the 
pull of physiological, psychological, lifestyle, economic, and environmental factors that draw them back 
from whence they came. So strong are these factors that without constant self-monitoring, weight regain 
for many is almost inevitable. Thus obesity is a chronic relapsing condition that requires lifelong 
management in the same way that addictions, affective disorders and some metabolic disorders require 
constant self-monitoring and strategies for coping with lapses, to avoid total relapse. 
We need to develop models that account for complexity and heterogeneity. In order to achieve this it will 
be necessary to modify protocols and research designs to overcome some of the problems of previous 
attempts as suggested by Teixeira et al. 25. This includes using larger sample sizes and different populations, 
including cross-cultural studies; standardised definitions of constructs, predictors, success, lapse and 
attrition; the use of multiple and where possible, longitudinal measures of psychological and behavioural 
predictors/correlates of weight change, including intake and expenditure behaviours and frequent 
longitudinal measures of weight; more robust approaches to statistical modelling and analysis 
incorporating the statistician at the outset of studies; a greater focus on intra individual variability in 
behavioural pathways to and from body weight gain; an appreciation of what characterises the behaviours 
of successful weight maintainers. 
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Table 1: Predictors of Weight Loss 
PREDICTOR RELATIONSHIP 
Patient Factors  
Initial body weight or BMI + 
Gender (men tend to lose more weight) + for men 
Resting metabolic rate or EE + 
Adipocyte hyperplasia + 
Self-efficacy + 
Body fat distribution, total fat, body composition ? 
Personality/psychopathology test results ? 
Dietary restraint ? 
Weight cycling ? 
Binge eating ? 
Process Variables  
Early weight loss + 
Attendance + 
Repeated previous attempts at weight loss - 
Experience of perceived stress - 
Treatment Factors  
Increased length of treatment + 
Social support + 
Behavioural Changes  
Self-monitoring + 
Goal-setting + 
Slowing rate of eating + 
Treatment Factors + 
Length + 
Social support + 
Physical activity + 
Data from Blair. 1993; Foreyt & Goodrick. 1993; Perri et al. 1992; Wadden & Letizia, 1992. SOURCES: 
Institute of Medicine, 1995; Brownell and Wadden, 1992; Foreyt and Goodrick, 1991, 1994; O’Neil and 
Jarrell, 1992; Perri et al., 1992; and Wadden and Letizia, 1992. 
- Negative correlation 
+ Positive correlation 
? Mixed Findings
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Table 2: The time windows in which measures are made in relation to the dynamic changes in psychological 
traits and behaviour during the pre-treatment, treatment and post treatment phases of a weight loss 
journey. The table indicates changes associated with success but could readily be reconfigured to illustrate 
points of lapse and relapse. 
 Pre-treatment Weight loss Maintenance  
Physiology: co-morbidity Baseline, elevated Co-morbidities improve Improves motivation? 
 
Physiology: energy 
balance mechanisms 
Chronic positive energy 
balance 
Compensatory 
mechanisms (e.g. 
increased appetite, 
decreased RMR) 
Compensation is 
counteracted by 
behaviour 
Personality Baseline Stable Stable 
Psychopathology Baseline-indications but 
measurement tools may 
be insensitive 
Improves Improves 
Coping strategy Baseline poor Develops Maintains 
Social support Baseline often poor Develops Maintains 
Self-monitoring Baseline undeveloped Develops Maintain & refine 
Diet Baseline, indicative of 
risk for weight gain 
Changes and improves Maintain as new habits 
Exercise Baseline, sedentary, 
little or no exercise 
May not change initially Increase and maintain 
new habits 
Locus of control Baseline, often but not 
always external 
Greater internalisation Greater internalisation 
and autonomy 
Dietary restraint Baseline, often but not 
always lower 
More flexible Restrained but flexible 
Body image Baseline, often but not 
always negative 
Improves Improves but self-
monitored 
Self-compassion  Baseline, often but not 
always low 
Improves Greater and maintained 
Self-esteem Baseline, often but not 
always low 
Improves Greater and maintained 
Social support Baseline, often but not 
always low 
Develops Improved and 
maintained 
Quality of life Baseline, sometimes but 
not always low 
Improvements may be 
gradual 
Greater and maintained 
Attitudes to obesity Ambivalent Develops Vigilant 
Binge eating May be under-
represented 
May improve Decreased frequency 
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Figure legends 
Figure 1: League table of weight control behaviours of successful weight loss maintainers in the National 
Weight Control Registry. Values are approximate because measures and numbers of registrants vary 
between publications over the 10 years of the registry’s existence. 
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